Recently HUKUHARA, KOTANI and SATO7) found that morphine always exerted an excitatory action on the motility of dog jejunal Thiry-loop, literature concerned being reviewed there.
They drew a conclusion that morphine acted as an excitant to the intestinal muscle itself, since it could raise the intestinal motility after atropine as well as hexamethonium had been administered and on the other hand it could augment the motility of the aganglionic loop. On the isolated guinea-pig small intestine, however, TRENDELENBURG15) concluded that the inhibition was the usual effect of morphine upon the socalled peristalsis'.
This conclusion was supported by subsequent investigators.1, 9,10, 11,12) Our doubts were then cast upon the problem whether the discrepancy existing between our results and the investigators mentioned above could, in fact, be attributable to the species difference or not. In order to solve this problem the effects of morphine upon the motility of the isolated small intestine of rats, rabbits and guinea pigs were studied.
In the present experiments the action of drugs was judged by observing the rhythmic contraction waves, which were recorded by means of MAGNUS' as well as TRENDELENBURG's method.
That the so-called peristalsis was nothing but an enhanced rhythmic contraction wave was emphasized in the report published recently8).
METHODS
The animals used were 20 rats (150-200g), 30 guinea pigs (300-800g) and 2 rabbits (2500-3000g).
The abdominal cavity of the animals was opened under the local anesthetization with 1 % cocaine solution. One or two duodenal, jejunal and ileal loops each 3 to 5 cm in length were removed from the body successively with the time interval of 40 minutes, within which an experiment was finished.
In one series of experiments MAGNUS' method was used: Both ends of the loops were ligated with cotton threads to suspend in a 100 ml bath with Tyrode solution as shown in FIG. 1 As a standard morphine solution 1g/dl morphine hydrochloride (TAKEDA)-Tyrode solution is prepared.
From this solution is then prepared the one which contained the drug in various concentrations.
One tenth to one ml of these solutions was added to the bath to obtain a desired concentration of the drug in it. The other drugs used were nicotine bitartrate (KATAYAMA), hexamethonium bromide (C6) (YAMANOUCHI), atropine sulfate (MERCK) and 1,1-dimethyl-4-phenyl-piperazinium iodide (DMPP) (PARK, DAVIS), and they were dissolved in the distilled water, respectively, care being taken not to add more than one ml of the solution to avoid the effect of dilution of the Tyrode solution contained in the bath. 
FIG. 4.
The effect of morphine upon the motility of rat duodenum . MAGNUS' method. In tracings, A and B, is indicated the effect of morphine before and after the administration of (C6), respectively. In each case morphine (M) always produces a remarkable excitatory effect.
From the results described above it could be presumed that morphine exerted an excitatory action upon the axons of intramural ganglion cells and/ or the intestinal muscle itself. The evidence had been obtained that the intestinal wall contained two kinds of intramural ganglion cells, that is, the excitatory cholinergic and inhibitory adrenergic neurones.2, 3, 5, 6) Therefore, it could be supposed that the excitatory effect concerned might be a result of stimulation of the axon of this cholinergic neurone.
The following experiments, however, revealed that such was not the case: The excitatory effect of morphine was the same as or even more remarkable than that observed before the administration of atropine (10-4g/ml) (FIG. 5) .
FIG. 5. Atropine does not prevent the excitatory effect of morphine on the motility of rat duodenum.
MAGNUS' method. In tracings, A and B, is indicated the effect of morphine upon the intestinal motility before and after the administration of atropine, respectively.
M and At indicate the addition of morphine and atropine, respectively.
From the results mentioned above it could be concluded that the excita- drug the waves were fairly powerful, even when the pressure was lowered to zero (FIG. 9, P0 ).
C) Guinea pigs
The experiments were carried out only by means of TRENDELENBURG'S method.
The contractions were usually too weak to be recorded, even when the intraluminal pressure was raised as high as 25 mmH2O. The smallest effective concentration of morphine was 10-10 g/ml or less. At these concentrations there occurred every 3 to 4 minutes a rise of the tone of a short duration (20 seconds or more), which was occasionally superimposed with weak contraction waves (FIG. 10, A) . FIG. 10 . Effect of morphine upon the motility of the isolated guinea-pig ileum. TRENDELENBURG'S method. Tracings from above downwards: Changes in the volume signal and time in 6 sec. In the figures, A, B and C, the intraluminal pressure is raised as high as 25 mmH2O at P25, respectively. At M morphine is added to the bath, concentrations being indicated in the respective figures . It is to be noted that morphine always exerts an excitatory action upon the intestine.
At the concentration of 10-9 g/ml, about one minute after the administration of the drug, the preexisting, minute contraction waves were rapidly increased in their strength, until they reached a maximal strength which was maintained for 4 minutes or more. The waves were then transitorily decreased in their strength to become again powerful for a while; after that an augmentation and diminution of the motility alternate with a short time interval, the effect being thus gradually decreased.
In the course of these changes no perceptible change of the tone could be seen, the waves propagating from oral to anal with a regular time interval of about 3 seconds (FIG.  10, B) . When the drug was administered at the concentration ranging from 10-8 to 10-7 g/ml, themotility was changed in the following regular sequence:
In about 30 seconds after the administration of the drug the amplitude of the waves was gradually increased as shown in FIG. 10, C a to b . Then there occurred a rise of tone accompanied with the reduction of the amplitude of the waves (FIG. 10, C b to c) . The tone could rise so highly that the loop took the appearance of a somewhat tortulous, elongated cord (FIG. 10, C c) . Af ter a while the loop relaxed so far as to make relatively large volume changes reappear. Now, the pacemaker region was not always confined to the oral end of the loop, but one or two pulsating rings of constriction might be produced somewhere along the loop. Since these pulsations propagated toward the adjacent regions and interfered with each other, the motility took an aspect of disorder, thus resulting in the irregularities of volume changes (FIG. 10, C d) . And occasionally there appeared contraction waves with a prolonged period as shown in FIG. 10 , C e.
At the concentrations ranging from 10-I to 10-4 g/ml, the effect was essentially the same in its aspect as that shown in FIG. 10 , C, although the degree of excitation was far more pronounced than that described above: The latency of the appearance of the effect was shortened.
And the phase where the waves were regular and powerful was in a short time succeeded by that of the excessive rise of tone and irregularities of the waves. In other series of experiments the effect of morphine on the intestinal motility was studied in the way similar to that generally adopted by previous investigators.
Firstly, it was assured that when the intraluminal pressure of the loop was raised as high as 30 mmH2O, the contraction waves became remarkably powerful, as shown in FIG. 11 , a. After morphine was administered in its effective dose (10-4 g/ml) the same trial as above mentioned revealed that in almost all cases the distensibility of the loop was decreased, while the amplitude of the waves was increased, as shown in FIG. 11, b, c  and d . These results thus revealed that morphine exerted an excitatory action on the intestinal motility.
Only in two out of 50 experimental cases a sign of inhibition was recognized, as shown in FIG. 12 , A which, however, persisted only a short time (0.5-2 minutes) after administration of the drug, and thereafter followed by the excitation. Curiously enough, it is, however, noted that the drug produced only the excitatory effect, when this loop was maintained continuously under the pressure as high as 20 mmH2O, as shown in  FIG. 12 , B. The mechanism underlying this inhibition is to be solved; it might be correlated with the rapid rise of the intraluminal pressure.
DISCUSSIONS
From the results obtained in the present experiments it may be concluded that morphine in most cases has an excitatory action upon the motility of the isolated small intestine of guinea pigs, rats and rabbits.
The threshold concentration was found to be 10-10, 10-7 and 10-6 g/ml in the respective animals.
At smaller concentrations the contraction waves were increased in their amplitude with or without being accompanied with a rise of the tone, while at higher concentrations there was produced a remarkable rise of the tone, which could culminate in its extreme to produce disordered contractions. Ganglion blocking agents, nicotine and hexamethonium (C6) as well as atropine, the drug which is considered to prevent acetylcholine from acting upon the intestinal muscle, had no influence upon the excitatory action of morphine. On the other hand, morphine had no influence upon the inhibitory effect produced by the stimulation of the mesenteric nerve bundle as well as upon the excitatory effect produced by the administration of the ganglion stimulating agent, DMPP. From these results it may be concluded that morphine acts excitatorily on the intestinal muscle without acting upon the intramural nervous elements.
This conclusion is largely consistent with that drawn by HUKUHARA et al" from the results obtained in the experiments on dogs in vivo.
The results mentioned above diametrically oppose those obtained on guinea pigs by TRENDELENBURG15) and the subsequent investigators, Straub and VIAUD, SCHAUMANN,11) KOSTERLITZ and ROBINSON9.10) and BELESLIN, BOGDANOVIC and RAKIC. Only in two out of total 50 experimental cases we, in fact, observed an inhibitory effect, which was, however, only a transitory one and followed by the phase of excitation.
It is our great regret that we failed to find out 
